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ABSTRACT 
Pigment screening s t u d i e s  during t h i s  report per iod  have 
shown t h e  e x c e l l e n t  s t a b i l i t y  of double zirconium s i l i c a t e s ,  
e s p e c i a l l y  those of magnesium and calcium, Although i t s  i n i t i a l  
s o l a r  absorptance w a s  h igh,  a compacted f o r s t e r a t e  powder 
e x h i b i t e d  a L a ~ b  of only 0.015 i n  2000 ESH, A l s o  of s i g c i f i c a n c e  
was t h e  s t a b i l i t y  exh ib i t ed  by a z i n c  t i tanate-pigmented 
pu - + = = ~ 1 1 1 m  C U Y Y &  -.. -- cilicate -- p a i n t .  a Ais of 0 ,03  i n  2000 ESH with  an 
i n i t i a l  ub of only 0-09  was observed, Additional s t u d i e s  of 
Alucer MC d-alumina have confirmed t h e  observed i n s t a b i l i t y  
of e a r l i e r  experiments,  
The anomalous degradat ion of z i n c  oxide and z i n c  oxide-  
pigmented s i l i c o n e  p a i n t s  i nves t iga t ed ,  This phenomenon? which 
i s  n o t  exh ib i t ed  by z inc  oxide-piyi~ented E ; O ~ ~ S S . L ~ A T  s i l i ca te  
c o a t i n g s  (293) r e s u l t s  i n  severe r e f l e c t a n c e  l o s s e s  i n  t h e  
i n f r a r e d  spectrum which a r e  observable only when t h e  m e a s u r e -  
ments are performed in situ, T h e  absorpt ion i s  be l ieved  t o  be 
due t o  photodesorption of oxygen on t h e  su r face  of t h e  z inc  
oxide, resu l t l n r ;  in the  generat ion of high concent ra t ions  of 
free carriers, The process  occurs immediately upon i r r a d i a t i o n  
i n  vacuum; t h e  d e f e c t s  a r e  ins tan taneous ly  ' 'bleached$' when a i r  
and n i t r o g e n ,  b u t  n o t  argon, a r e  admitted t@ t h e  space simulat ion 
chamber, Analysis of t hese  da ta  suggested that. a potassium 
s i l i c a t e - t r e a t m e n t  of z inc  oxide might preclude t h e  photodesorp- 
t i o n  process .  
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i i  
1 
I 
Such t r ea tmen t s  w e r e  successfu l ;  potassium s i l i c a t e - t r e a t e d  
SPSOO z i n c  oxide does n o t  e x h i b i t  t h e  f r e e  c a r r i e r  absorpt ion 
when i r r a d i a t e d  i n  vacuum, e i t h e r  a s  a powder or as an S-13-type 
p a i n t  
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DEVELOPMENT OF SPACE-STABLE THERMAL-CONTROL COATINGS 
I o  INTRODUCTION 
The general  requirement under t h i s  c o n t r a c t  i s  f o r  develop- 
ment of thermal-control su r f ace  coa t ings  w i t h  a very  low but  
s t a b l e  r a t i o  of s o l a r  absorptance ( a )  t o  i n f r a r e d  emit tance ( E 
The work is c u r r e n t l y  proceeding i n  two major d i r e c t i o n s :  (1) 
s t u d i e s  of inorganic  pigments and (2) u l t r a v i o l e t  p h o t o l y s i s  
s t u d i e s  of methyl s i l i c o n e  polymers. 
H) 
The s t u d i e s  of inorganic  pigments involve screening  and 
eva lua t ion  of m a t e r i a l s  parameters t h a t  a f f e c t  pigment s t a b i l i t y ,  
These s t u d i e s  a r e  aimed a t  f i nd ing  or p repa r ing  s t a b l e  pigments 
t h a t  a r e  p o t e n t i a l l y  u s e f u l  i n  formulat ing coa t ings  w i t h  a very 
low s o l a r  absorptance.  Emphasis h a s  been placed on t h e  p repa ra t ion  
parameters  a f f e c t i n g  degradation. 
The  u l t r a v i o l e t  p h o t o l y s i s  of methyl s i l i c o n e  polymers in-  
volve e l e c t r o n  sp in  resonance and mass spectrometry i n v e s t i g a t i o n s  
of c a r e f u l l y  prepared methyl and methyl-aromatic s i l i c o n e s  irr- 
a d i a t e d  i n  a vacuum. Work during t h i s  r e p o r t  per iod  h a s  involved 
the c o n s t r u c t i o n  of an improved u l t r a v i o l e t - i r r a d i a t i o n  f a c i l i t y  
f o r  u se  w i t h  I I T R I ' s  H i t ach i  RMU-6D high-reso lu t ion  mass spec- 
tr ometer 
Secondary e f f o r t s  du r ing  t h i s  r e p o r t  pe r iod  involved (1) an 
i n v e s t i g a t i o n  of t he  i n f r a r e d  anomaly exh ib i t ed  by z i n c  oxide 
and z i n c  oxide-pigmented s i l i c o n e s  i n  vacuum, ( 2 )  the design of 
a space s imula t ion  f a c i l i t y  possessing a c a p a b i l i t y  f m  making 
I I T  R E S E A R C H  I N S T I T U T E  
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-- in situ hemispherical spectral reflectance measurements, and 
(3) general space-simulation tests on zinc oxide-pigmented 
silicones and potentially use fu l  polymers, 
I I T  R E S E A R C H  I N S T I T U T E  
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11, PIGMENTS AND INORGANIC COATINGS 
A,  In t roduct ion  
Work du r ing  th i s  period included (I) cont inua t ion  of pigment 
screenirg tests,  ( 2 )  s tudy of the effect  of c a l c i n a t i o n  of pig- 
ments and p a i n t s  on their u l t r a v i o l e t - s t a b i l i t y ,  and ( 3 )  i n i t i a -  
t i o n  of a t h e o r e t i c a l  approach t o  expla in  poss ib l e  changes of the 
defect s t r u c t u r e  of oxide p i g m e n t s  under u l t r a v i o l e t - i r r a d i a t i o n  
i n  vacuum which may lead  t o  an increase  i n  s o l a r  absurp i ion ,  It  
is  expected t h a t  such a concept ,  developed on the b a s i s  of d a t a  
accumulated here and elsewhere and w i t h  the a i d  of some c r i t i c a l  
experiments,  w i l l  provide a more e f f i c i e n t  pigment sc reening  
than p o s s i b l e  t o  d a t e ,  A more e f f i c i e n t  screening procedure 
appears  mandatory insofar  a s  it h a s  been found t h a t  a completely 
v a l i d  pigment eva lua t ion  r e q u i r e s  -- i n  s i t u  r e f l e c t a n c e  measure- 
ments. 
B o  Piqment  Screeninq T e s t s  
Space s imulat ion tests were cmducted  on the fo l lowing  pig- 
m n t s r  SnO- Moo3? Ta2Q3 AP,,Q3? ZnZrSiO, : CaZr3i05 BaZrSiOs9 
MgZrSi05, MgSi03, and 2 M g Q O S i O 2 ,  
under 50-60 psi  i n  the 11as-received9' s t a t e  and the ref Pectance 
was measured before  and a f t e r  exposure t o  simulated s o l a r  r ad ia -  
L :  L. w 
These m a t e r i a l s  w e r e  compacted 
t i o n ,  The  exposure t i m e  was a t  l e a s t  500 ESH and was increased 
t o  2000 ESH f o r  t h e  more promising samples. The  l a t t e r  were 
a l s o  t e s t e d  a s  p a i n t s  ( P S 7  potassium s i l i c a t e  b inde r )  and t h e  
effect  of d i f f e r e n t  c a l c i n a t i o n  t rea tments  of pigment and p a i n t  
I l T  R E S E A R C H  I N S T I T U T E  
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on the u l t r a v i o l e t - s t a b i l i t y  was s tudied .  The r e s u l t s  a r e  
presented i n  Table 1, ( T e s t s  V70, V71, V73, and V74). I n  a d d i t i o n ,  
experiments w e r e  i n i t i a t e d  t o  study the e f f e c t  of aging of 
SP-500 z inc  oxide on i t s  u l t r a v i o l e t - s t a b i l i t y  and t o  i n v e s t i g a t e  
the o p t i c a l  p r o p e r t i e s  of SP-500 z inc  oxide newly developed by 
the N e w  J e r sey  Zinc Company. 
T h e  s i g n i f i c a n t  r e s u l t s  of t h i s  work a r e  a s  follows: 
(1) The zirconium s i l i c a t e s  exh ib i t ed  s u r p r i s i n g l y  good 
u l t r a v i o l e t - s t a b i l i t i e s .  
2. There appears t o  be no general  t r end  in so fa r  a s  t h e  effect  
of c a l c i n a t i o n  of the p a i n t  on the u l t r a v i o l e t - s t a b i l i t y  i s  con- 
cerned. I n  the case  of the magnesium zircznium ~ilicate~ the 
c a l c i n a t i o n  d e f i n i t e l y  improved the u l t r a v i o l e t - s t a b i l i t y .  
s t u d i e s  a r e  c u r r e n t i y  being ceiqlzted investigating the e f f e c t s  
of pigment c a l c i n a t i o n  on their u l t r a v i o l e t - s t a b i l i t y  and also 
by i n  s i t u  r e f l e c t a n c e  measurements. 
T h i s  is shown more c l e a r l y  i n  Table 
These 
-- 
( 2 )  Fused F o r s t e r i t e  2Mg0.Si02 showed a very low 
a f t e r  exposure t o  2000 ESH. Its i n i t i a l  a of ,242, however, i s  
I Father - ----_ hiqh, 
A a  of ,015 
C. E f f e c t  of Ca lc ina t ion  on U l t r a v i o l e t - S t a b i l i t y  of Aluminum 
Oxide Pigment 
Alucer MC a-aluminum oxide pigment powders w e r e  ca lc ined  a t  
1000°C and 162OOC i n  a i r  f o r  1 hour. The as-received and c a l -  
c ined  powders were compacted under 50-60 psi  and the s o l a r  reflec- 
tance  was measured before and a f t e r  exposure t o  500 ESH. The 
r e s u l t s  a r e  l i s t e d  i n  Tables  3 and 4.  I n  Table 4 ,  a-values f o r  
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T a b l e  2 
ULTRAVIOLET-INDUCED DEGRADATION OF DOUBLE ZIRCONIUM 
SILICATE POWERS AND PS-7 PAINTS (ABSTRACTED FROM TABLE 1) 
Mate r i a l  T r e a t m e n t  
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samples of i d e n t i c a l  h e a t  treatment and p repa ra t ion ,  which a r e  
l i s t e d  s e p a r a t e l y  i n  Table 3, w e r e  averaged. It appears  a s  i f  
Ba i nc reases  w i t h  i nc reas ing  c a l c i n a t i o n  temperature w h i l e  
the i n i t i a l  a decreases .  It is  p o s s i b l e ,  however, t h a t  the hea t  
t reatment  changes the compacting c h a r a c t e r i s t i c s  of t h e  A1203 
powder 
A r ecen t  s tudy of t i t a n a t e  powders ( r e f .  1) showed a con- 
s i d e r a b l e  s t r a i n  induced d-spacing s h i f t  and x-ray d i f f r a c t i o n  
l i n e  broadening a f t e r  compacting o r  m i l l i n g  of the powder. It 
is  a l s o  conceivable t h a t  the powder p a r t i c l e s  s i n t e r e d  toge ther  
t o  some small  e x t e n t  upon h e a t  t rea tment ,  an effect  which i s  
observed macroscopically and described by the " s t i c k i n g  toge ther"  
of r a t h e r  l a r g e  powder agglomerates. 
I n  compacting the ~ ~ ' w ' d e r  fsr r e f l e c t a n c e  measurements such 
weak bonds may break which r e s u l t s  i n  "freshii c r y s t a l l i t e  su r f aces  
which, w e  have reason t o  be l i eve ,  would s t r o n g l y  absorb gases ,  
T h i s  negat ive effect  may then  overshadow any p o s i t i v e  e f f e c t  
due t o  a higher degree of c r y s t a l l i n i t y  of the c r y s t a l l i t e  sur- 
f a c e s  w h i c h  i s  expected t o  r e s u l t  from the h e a t  t rea tment ,  An 
experiment i s  under prepara t ion  which w i l l  exclude t h e  descr ibed 
unce r t a in ty :  the p repa ra t ion  of p a i n t s  from hea t - t r ea t ed  pig- 
ment powders whereby the powder p a r t i c l e s  experience none or 
n e g l i g i b l y  small  mechanical stresses and a r e  separa ted  from one 
another  when a l r eady  covered by the s i l i c a t e  s o l u t i o n ,  
I I T  R E S E A R C H  I N S T I T U T E  
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t . 
Do Theore t i ca l  Approach 
The o p t i c a l  p r o p e r t i e s  of pigment powders depend t o  a 
l a rge  degree on the sur face  c h a r a c t e r i s t i c s  of t h e  c r y s t a l l i t e s  
of t h e  powder which may considerably d e v i a t e  from the bulk pro- 
perties of the same m a t e r i a l ,  T h e  su r f ace  s t r u c t u r e  of the 
c r y s t a l l i t e s  is  always a defec t  s t r u c t u r e  because t h e  p e r i o d i c i t y  
of t h e  l a t t i c e  is  i n t e r r u p t e d  a t  t h e  su r face  and t h e  su r face  
e 
ions  or  atoms have t o  arrange themselves i n t o  a minimum free 
energy conf igura t ion  under d i f f e r e n t  condi t ions  than t h e  ions  
or atoms wi th in  the c r y s t a l l i t e .  Since t h e  absorpt ion of fo re ign  
atoms a t  t h e  c r y s t a l l i t e  sur face  is normally an exothermic pro- 
cess, thus  decreas ing  t h e  surface free energy,  t h e  pigment 
c r y s t a l l i t e s  u s u a l l y  c a r r y  an absorpt ion Payer t h e  na tu re  of 
su r face  r e a c t i o n  k i n e t i c s ,  U l t r a v i o l e t - i r r a d i a t i o n  and changes 
of the oxygen p a r t i a l  p ressure  r e p r e s e n t  two of s e v e r a l  means 
u 
t o  a l t e r  the su r face  s t a t e  of oxide pigment powders independently,  
Space s imula t ion  tests on pigment compacts or p a i n t s  involve 
u ltr a v i o l e t  - irr ad i a  t ion and oxygen p a r t  i a  1 pressure  changes 
s imultaneously and p a r t  of the  d i f f i c u l t y  of i n t e r p r e t i n g  t h e  
experimental  r e s u l t s  c o n s i s t s  i n  the sepa ra t ion  of p o s s i b l e  
c o n t r i b u t i o n s  of the two e f f e c t s  t o  t h e  t o t a l  change i n  s o l a r  
absorptance , 
I n  our t h e o r e t i c a l  s tudy,  w e  t r y  t o  combine a m o d e l  mechan- 
i s m  f o r  oxygen-partial-pressure-induced su r face  d e f e c t s  with a 
m o d e l  f o r  p o s s i b l e  u l t r a v i o l e t - i r r a d i a t i o n  defects i n  z i n c  oxide?  
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and s i m i l a r  m a t e r i a l s  such a s  T i 0  ZnS, SnO which have a l -  
ready been s tud ied  ex tens ive ly .  A r e c e n t  i n v e s t i g a t i o n  of the 
2' 2 
r e l a t i o n  between o p t i c a l  absorpt ion and r educ t ion  k i n e t i c s  of 
r u t i l e  ( re f -  2 )  has  shown t h a t  the vacuum reduct ion  k i n e t i c s  of 
T i 0 2  produces a broad absorpt ion band i n  t h e  i n f r a r e d  reg ion  of 
the spectrum, around 1 .2  micron, d i f f e r e n t  from the band pro- 
duced by hydrogen reduct ion  which centers a t  1.65 micron. The  
growth k i n e t i c s  of the 1 . 2  n ~ i c r s r ;  ~ a k  can be a s soc ia t ed  w i t h  
the s e l f - d i f f u s i o n  of t i t an ium i n  r u t i l e .  Field-induced d i f f u s i o n  
of z i n c  i n t e r s t i t i a l  ions  i n  z inc oxide h a s  been shown t o  be 
l i k e l y  even a t  room temperature ( r e f .  3 )  and a s i m i l a r  mechanism 
may apply t o  the reduction-induced i n f r a r e d  absorpt ion i n  z i n c  
oxide. There a l s o  s e e m  t o  be s i m i l a r i t i e s  between T i 0 2  and ZnO 
w i t h  respect t o  FI c e n t e r s  and the broadening of c"' bands w i t h  
d e v i a t i o n  from stoichiometry.  
Future p l a n s  include: 
(1) E s t a b l i s h i n g  the heat  t reatment  cond i t ions  f o r  calcium- 
magnesium-, and zinc-zirconium s i l i c a t e  pigments which r e s u l t  
i n  minimum a and h a  p a i n t s  
( 2 )  s tudying  the u l t r a v i o l e t - s t a b i l i t y  of SP-500 z i n c  
oxide newly developed by t h e  New J e r sey  Z i n c  Company 
( 3 )  Theore t i ca l  s tudy of the u l t r a v i o l e t - i r r a d i a t i o n  and 
vacuum induced changes of t h e  v i s i b l e  and i n f r a r e d  absorp t ion  
i n  pigment compounds of cur ren t  i n t e r e s t .  
( 4 )  Conduction of space s imulat ion tests inc luding  i n  s i t u  
r e f l e c t a n c e  measurements on pigments which appear promising on the 
b a s i s  of t h e  t h e o r e t i c a l  s tud ie s .  
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111, METHYL SILICONE PAINTS AND MISCELLANEOUS SPECIMENS 
The  r e s u l t s  of tes t  9-17, performed i n  the Quad-Ion space- 
s imula t ion  f a c i l i t y ,  a r e  presented i n  Table 5 ,  Specimen 5 1 9 1 ~  
was prepared from Owens-Illinois Type 650 g l a s s  r e s i n  pigmented 
w i t h  a l u c e r  K a-alumina. Similar coa t ings  exh ib i t ed  s o l a r  
absorptance inc reases  of 0,03 and 0.06 i n  t w o  p rev ious  tests, 
The s o l a r  absorptance inc rease  of 0,062 exh ib i t ed  by t h i s  coat-  
illg ir, t m c t  LL.y\I 3-17 is in very c lose  agreement w i t h  the degradat ion 
r epor t ed  i n  test 9-16 (see p. 13 ,  TriannuaP Report No, I I T R I -  
U6002-31) ., 
S i m i l a r l y ,  specimens of Ildryll and i i w e t i i  S-13 w e r e  i r r a d i a -  
t e d  i n  test 9-17 and t h e  r e s u l t s  w e r e  s i m i l a r  t o  those r epor t ed  
i n  the l a s t  Triannual Report (IITRI-U6002-31) The degradat ion 
f o r  both S-13 specimens was more severe i n  ihe c i i r r e c t  test; the 
former test was f o r  only 1700 E,", however, The methods of 
p repa ra t ion  of t h e  lidryii and t i w e t t i  specimens w e r e  descr ibed  i n  
t h e  l a s t  Triannual  Report. 
Specimens 5201, 5202 and 5203 were prepared from pigments 
prepared by -r U t A L L I Y L V . A  - - -<  - - e m n  ~ a b s r a t o r i e s  Lnc, under c o n t r a c t *  t o  
t h e  George C ,  Marshall Space F l igh t  Center ,  Specimen 520P was 
formulated from z i n c  oxide which has  been prepared from z i n c  
hydroxide,  Specimens 5202 and 5203 w e r e  prepared from a-alumina; 
the p i g m n t  used i n  5203 possessed chromium contamination, 
Specimem 5203 was an sP500 z inc  oxide-pigmented poly(methy1)- 
methacry la te  prepared a t  85% PVC, The m a t e r i a l  was somewhat 
* C m t r a c t  N o .  NASd-20162 
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I 
f r a g i l e  and s o f t ,  but exhibited better f i l m  p r o p e r t i e s  than 
would be i nd ica t ed  by such a high pigment volume concent ra t ion ,  
The s o l a r  absorptance was only 0,lO and the inc rease  on i r r a d -  
i a ton  was only 0.02. 
although w e  except the degradation t o  g r e a t l y  inc rease  a s  the 
pigment volume concent ra t ion  is  lowered. 
T h i s  system w i l l  be examined f u r t h e r ,  
Alucer IW a-alumina was used t o  pigment RTV-602, The 
r e s u l t a n t  p a i n t s  exh ib i t ed  more than t w i c e  the increase  i n  s o l a r  
absorptance exh ib i t ed  by Owens-Illinois Type 650 a-alumina- 
pigmented p a i n t s .  
Specimens 5207 and 5208 w e r e  a lumina-s i l ica te  based coat-  
ings  which a r e  p r o p r i e t a r y  t o  t h e  PlasChem Corporat ion,  S t ,  
Louis ,  Missouri. They exh ib i t ed  severe degradat ion i n  s o l a r  
absorptance or' 0.152 afid G.102, respectively; The as received 
specimens appeared t o  have become contaminated by the t ape  used 
t o  wrap t h e m  f o r  shipment, 
The  degradat ion exh ib i t ed  by the z i r c o n i a  specimens,  numbers 
5211 and 5212, w e r e  0,095 and a r e  i n d i c a t i v e  of a v a l i d  space- 
s imula t ion  - _. test. 
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I V .  ANOMALOUS DEGRADATION O F  ZINC OXIDE AND S-93 
I 
A. D e f i n i t i o n  of t h e  Problem 
Reports ( re f ,  4 ,  5)  t h a t  I I T R I ' s  S-13 thermal-control  p a i n t  
b 
degrades seve re ly  i n  the in f r a red  r eg ion  and is  not observable 
by post-exposure r e f l e c t a n c e  measurements however immediate 
the  measurement, prompted a s e r i e s  of experiments aimed a t  explain-  
i n g  t h i s  phenomonon. 
Expeririients w e r e  acesrdingly p x p a r e d  which u t i l i z e d  the 
single-sample chamber constructed f o r  a previous i n  s i t u  r e f l e c t -  
ante experiment ( r e f .  6 ) .  This  device ,  shown i n  Figure  1 and 2 
-- 
c o n s i s t s  of performing the i n  s i t u  measurement through a q u a r t z  
window w i t h  the evacuated specimen loca ted  i n  c l o s e  proximity t o  
the window, 
chamber such t h a t  t h e  window i s  loca ted  a t  the sample p o r t  of t h e  
Beckman DK-2A spec t roref lec tometer ,  Though sub jec t  t o  l a r g e  
e r r o r s  i n  c a l c u l a t i n g  absolu te  r e f l e c t a n c e  by t h i s  m e t h o d ,  t h e  
device'k p r e c i s i o n  was found t o  be s u f f i c i e n t l y  adequate f o r  
determining small  r e f l e c t a n c e  changes i n  any s p e c t r a l  r eg ion  
covered by t h e  E K - ~ A ~  
-- 
The measurement was then performed by p l a c i n g  t h e  
Previous work w i t h  the f a c i l i t y  shown i n  Figures  P and 2 
made no at tempt  t o  measure the r e f l e c t a n c e  i n  the i n f r a r e d ,  the 
device being incompatible w i t h  t h e  sphere on t h e  i n f r a r e d  reflect- 
ometer t h e n  i n  use.  Furthermore, it was i n c o r r e c t l y  assumed t h a t  
an absence of d i f f e r e n c e s  i n  the v i s i b l e  r eg ion  of t h e  spectrum 
precluded d i f f e r e n c e s  i n  the near i n f r a r e d  f o r  i n  s i t u  r e f l e c t -  -- 
ante measurements. It was the re fo re  argued t h a t  post-exposure 
I I T  R E S E A R C H  I N S T I T U T E  
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Figure 1 
-- IN SITU REFLECTANCE/VACUUM FACILITY 
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Figure 2 
S I T U  REFLECTANCE/VACUUM FACILITY 
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r e f l e c t a n c e  measurements were va l id .  
The f i r s t  measurement was performed on a specimen of IITRI's 
S-13 p a i n t ,  a z inc  oxide-pigmented polydimethylsiloxane e l a s t o -  
m e r .  The -- i n  s i t u  r e f l e c t a n c e s  before and a f t e r  approximately 
1200 ESH of u l t r a v i o l e t  i r r a d i a t i o n  a r e  presented  i n  Figure 3, 
These d a t a  confirmed the communications w h i c h  a r e  referenced e 
e a r l i e r  i n  t h i s  s e c t i o n  ( r e f .  4,5). A r e f l e c t a n c e  decrease  of 
28% occurred a t  2.05 and the vacuum system was vented t o  the 
atmosphere. An almost instantaneous inc rease  i n  r e f l e c t a n c e  
occurred: a p l o t  of r e f l e c t a n c e  a t  2.05 p versus  t i m e  a f t e r  vent- 
i n g  is  presented i n  Figure 4. I t  w i l l  be seen t h a t  almost 
complete r e f l e c t a n c e  recovery occurred wi th in  t w o  minutes, 
A second specimen of S-13 was i r r a d i a t e d  for only 15 min- 
--I -
ULCS at a s o l a r  factcr nf I2Xz The severe decrease  i n  ref lect-  
ance i n  the i n f r a r e d ,  a s  manifested by the IlOkdecrease a t  2050 
rnp, t ends  t o  i n d i c a t e  t h a t  a photodesorption phenomonon is in- 
volved i n  the observed decreased i n  r e f l e c t a n c e  when measured 
i n  vacuum. Indeed, two experiments,  one w i t h  the N2-bleached 
SP500-powder specimen (see Table 6) and t h e  o ther  with an S-13 
specimen i r r a d i a t e d  f o r  3 E m ,  have shown t h a t  re-evacuation of 
spec imens  r e s u l t s  i n  a loss i n  r e f l e c t a n c e  corresponding t o  the 
i n i t i a l  r e f l e c t a n c e  decrease caused by the very  short exposure 
t o  u l t r a v i o l e t  r a d i a t i o n .  
Subsequent experiments were performed by i r r a d i a t i n g  f o r  
v a r i o u s  t i m e s  SP500 z inc  oxide powder, 293 (IITRI's z inc  oxide- 
pigmented potassium s i l i c a t e  p a i n t ) ,  unpigmented RTV-602 f i l m ,  
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22  
a specimen of SP500 z inc  oxide-pigmented Owens-Il l inois type  
650 g l a s s  r e s i n ,  a second specimen of 5-13 and a modified S-13 
designated S-13Ge  Data r e s u l t i n g  f r o m  these experiments a r e  
summarized i n  Table 6, 
Table 6 
-- I N  S I T U  REFLECTANCE CHANGES FOR SPECIMENS IRRADIATED 




RTV- 60 2 
Zn0/01-650 
S-13 
S 1 3 G  
Exposure 
T i m e  ESH 
1 2  min 2% 
1 2  min 2% 
16 hr 2 0 0  
16 hr 2 0 0  
46 hr 550 
100 hr 120c 
15 m i n  3 
1hr  1 2  
2 h r  2 4  
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I n s  t a n t  ane ous 
Bleach 
A i r  - Y e s  
N 2  - Y e s  
A i r  - N o  
- A i r  -- - Y e s  
A i r  - Y e s  
A i r  - Y e s  
- 
A i r  - No 
N/A 
The vacuum i n  s i t u  r e f l e c t a n c e  s p e c t r a  of SP500 z inc  oxide 
before  and a f t e r  2-5 ESH of u l t r a v i o l e t  i r r a d i a t i o n  i s  shown in 
Figure 5 A decrease i n  r e f l e c t a n c e  of 15% occurred a t  2700 " ~ 1 .  
Also shown i n  Figure 5 a r e  t he r e f l e c t a n c e  changes which occurred 
when (1) n i t rogen  was admitted t o  t h e  system and ( 2 )  t h e  i r r a d i a t e d  
specimen was subsequently re-evacuated, (The maximum change appear- 
ed t o  occur a t  g r e a t e r  than 2700 f o r  the powder specimen and 
-- 





th i s  wavelength, t h e  long-wavelength l i m i t  of t h e  re f lec tometer  
was t h e r e f o r e  chosen t o  s tudy the  bleaching r a t e  of the powder), 
The 293 specimen d i d  not e x h i b i t  the anomalous i n f r a r e d  
degradat ion observed f o r  the pigment a lone and f o r  the 5-13 spec- 
imens. N o  effect  was observed when a i r  was admitted t o  t h e  vacuum 
system, The decrease i n  r e f l e c t a n c e  of 0.5% a t  2050 mp i s  
thought t o  be due t o  experimental  e r r o r .  The  spec t r a  a r e  pre- 
sented i n  Figure 6. Tke reflectance i nc rease  i s  a t t r i b u t e d  t o  
l o s s  of water on i r r a d i a t i o n  i n  vacuum. 
N o  changes i n  t h e  -- i n  s i t u  i n f r a r e d  r e f l e c t a n c e  of an un- 
pigmented RTV-602 f i l m  w e r e  observed a f t e r  200 hours of i r r a d -  
i a t i o n .  The p o s s i b i l i t y  t h a t  the polydimethylsiloxane binder  
con t r ibu ted  t o  the observed degradat ion was t h u s  e l imina ted ,  
A specimen of z inc  oxide-pigmented Owens-iliiiiois type 559 
g l a s s  r e s i n  p a i n t ,  which h a s  been p rev ious ly  observed t o  be the 
most s t a b l e  w h i t e  coa t ing  a v a i l a b l e  (Reports  IITRI-C6014-26 
and IITRI-U6002-31), a l s o  exhib i ted  the anomalous degradat ion 
i n  the i n f r a r e d  when the r e f l e c t a n c e  was measured -- i n  s i t u ,  T h e  
s p e c t r a  a r e  presented  i n  Fiqdre 7'. It h?s been observed, how- 
e v e r ,  t h a t  the e f f e c t  is  somewhat less than  f o r  t h e  S-13 coa t ings ,  






















I .  
B. Analysis:  A t t e m p t s  t o  Solve the Problem 
These observa t ions  led  t o  the  conclusion t h a t  the z i n c  
oxide i n  293 p a i n t s  is  prevented from desorbing by e i t h e r  the 
formation of a llwetted*l layer  of potassium s i l i c a t e  or by the 
formation of the well-known but poor ly  cha rac t e r i zed  z i n c  ortho- 
s i l i c a t e  r e a c t i o n  product of z inc oxide and potassium s i l i c a t e ,  
both of which may a c t  a s  a b a r r i e r  t o  photodesorption processes ,  
W e  accordingly i n i t i a t e d  an experiment aimed a t  the su r face  
t reatment  of z i n c  Gxide i n  such  a manner t h a t  pho todeso rp t im  
might be prevented.  
The experiment involved the  g r ind ing  of SP500 i n  PS7 potassium 
s i l i c a t e  followed by e x t r a c t i o n  procedures.  The exac t  procedure 
is presented  i n  Appendix I. 
zirnrc: rrxide t r e a t e d  i n  t h i s  manner was designated S-13G. It was 
An S-13 p a i n t  prepared from SP500 
subsequent ly  i r r a d i a t e d  i n  vacuum f o r  1 hour. The r e f l e c t a n c e  
decrease  of only 2% a t  2050 m u ,  whether r e a l  or a r e s u l t  of 
experimental  e r r o r ,  occurred i n  the f i r s t  hour of i r r a d i a t i o n ,  
Addi t iona l  i r r a d i a t i o n  f o r  1 hour d i d  not  f u r t h e r  decrease  the 
r e f l e c t a n c e  i n  the i n f r a r e d  and no change was noted when a i r  
was admit ted t o  t h e  i r r a d i a t i o n  chamber. The s p e c t r a  of an S-13G 
specimen i r r a d i a t e d  f o r  160 E ~ X  is presented i n  Figure 8. The  
i n c r e a s e  i n  i n f r a r e d  r e f l e c t a n c e  was s u r p r i s i n g  and may be due 
a t  l e a s t  i n  p a r t  t o  loss of chemically bound water.  
Subsequent tests of S-13G, S-13H (PS7-treated SP500 a t  40% 
P X )  and S - 1 3 ~  (0.1% Li-doped ZnO a t  30% P X )  were performed f o r  
600 ESH (see Figures  9 through 11). The i n i t i a l  r e f l e c t a n c e  of 
S - 1 3 H  was higher than  t h a t  of S-13G; t hey  both appeared t o  degrade 
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about ^ - A X  3t 2.05 g ,  however. I t  should be noted t h a t  the 600 
ESH tes t  was performed through a t h i c k e r  window: t hus  t ransmiss ion  
and s c a t t e r i n g  l o s s e s  w e r e  i n c r e a s e d ,  which accounts f o r  the 
lower -- i n  s i t u  r e f l e c t a n c e  presented i n  F igures  9-11. T h e  degra- 
d a t i o n  a t  2.05 p of 11% f o r  S-131, specimen was d i sappo in t ing  and 
is  i n  direct  c o n t r a s t  t o  the observat ions of the pure Li-doped 
powder (ref . 7 )  a 
T h e  constancy of the r e f l e c t a n c e  changes from 700 t o  2700 r q ~  
f o r  Figures  9 t o  11 is a t t r i b u t e d  i n  p a r t  to expcr i !~e~ta l  erL->1- 
introduced by making these i n  s i t u  r e f l e c t a n c e  measurements through 
a thicker window. Therefore ,  except f o r  t h e  S-13L specimen which 
exh ib i t ed  a non-constant , increas ing  r e f l e c t a n c e  loss with  wave- 
l eng th ,  l i t t l e  or no change i s  bel ieved t o  have occurred for 
either S-13G and S-13H i n  t hese  tests. 
-- 
A second pigment-treatment experiment involved t h e  h y d r o l y s i s  
of mixed s i l a n e s  on t h e  su r face  of the z i n c  oxide i n  the belief 
t h a t  the mono- and polymolecular l a y e r s  of water adsorbed on t h e  
p a r t i c l e  s u r f a c e s  would a f f e c t  both the polymerizat ion of t h e  
s i l a n e  and t lwettingli  of the r e s u l t a n t  polymer, The procedure 
u l t i m a t e l y  used i s  presented  i n  Appendix Iim 
A p a i n t  des igna ted  “3-13K was prepared from the f i r s t  s i l a n e -  
t r e a t e d  SP500 z i n c  oxide. 
b lack  when hea ted  i n  vacuum. These d i f f i c u l t i e s  w e r e  a t t r i b u t e d  
t o  the presence of r e s i d u a l  ch lo r ide  ion .  A second pigment t r e a t -  
ment involved g r e a t e r  c a r e  t o  remove c h l o r i d e  ion. However, t h e  
RTV-602-based S - 1 3 ~  p a i n t  prepared from t h i s  ba tch  (Appendix 11) 
It d i d  not  p r o p e r l y  cu re  and turned  
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also failed to cure; simulation tests were therefore not made 
on this paint. Additional studies of silane-treated SP500 are 
currently in progress. 
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C .  Conclusions 
I t  has  t h u s  been shown t h a t  the z i n c  oxide pigment i s  res- 
pons ib le  for S-13 s anomalous degradat ion i n  the i n f r a r e d  w h i c h  
i s  observed when r e f l e c t a n c e  i s  measured i n  vacuum, I n  our opin ion ,  
the d i f f e r e n c e  i n  behavior between the potassium s i l i c a t e - b a s e d  
293 and the methyl si l icone-based S-13 l i e s  i n  the p r o t e c t i v e  
na ture  of the s i l i c a t e  f i l m ,  The potassium s i l i c a t e  s o l u t i o n  is  
known t o  e a s i l y  w e t  t he  zific oxide swfsce- T h e  methyl s i l i c o n e  
polymer, on the o ther  hand, does not  w e t  the pigment p a r t i c l e s  
and d i s p e r s i o n  is a f f e c t e d  only a f t e r  g r ind ing  i n  a s u i t a b l e  
b a l l  m i l l ,  
The increased  absorp t ion  of z i n c  oxide on i r r a d i a t i o n  i n  
vacuum a t  wavelengths g r e a t e r  than P micron is probably the 
r e s u l t  of both (1) impuri ty  bands more than  l ev beiow the c m -  
duc t ion  band, and ( 2 )  free c a r r i e r  abso rp t ion ,  The lower t h e  
nega t ive  su r face  charge due t o  d i f f u s i o n  of z i n c  t o  the s u r f a c e  
w i t h  a corresponding inc rease  i n  the d e n s i t y  of h o l e  t r a p s  below 
the s u r f a c e ,  the more electrons may become a v a i l a b l e  for free 
c a r r i e r  absorp t ion .  T h i s  effect should be very s e n s i t i v e  t o  t h e  
oxygen p a r t i a l  p r e s s u r e ,  a s  has been observed i n  t h e s e  s t u d i e s ,  
Addi t iona l  s t u d i e s  r e l a t i n g  t o  powdered z i n c  oxides w e r e  
performed on a program f o r  t he  Jet Propuls ion Laboatory ( r e f ,  7)- 
'Some a d d i t i o n a l  conclusions of t h e s e  s t u d i e s  a re :  (1) t h e  e f f e c t  
could  be induced i n  exposures of 1 ESH, or less, ( 2 )  the reflect-  
ance r ecove r s  t o  n e a r l y  its o r i g i n a l  va lue  even a f t e r  admi t t i ng  
pure  n i t rogen  (the recovery r a t e  i s  s i m i l a r  t o  t h a t  when a i r  is  
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admi t ted) ;  admission of orgon produces no e f f e c t ,  and ( 3 )  a 
lithium-doped z inc  oxide (0.1% L i )  d i d  n o t  display t h e  r e f l e c t a n c e  
anomaly. 
The potassium s i l i c a t e - t r e a t m e n t  of SP500 z i n c  oxide appears  
t o  have solved - a t  least  i n  t h e  pre l iminary  tests o u t l i n e d  
h e r e i n  -- t h e  i n f r a r e d  degradat ion problem exh ib i t ed  by t h e  S-13 
thermal-control  p a i n t  as  observed by in s i t u  r e f l e c t a n c e  
measurements. The t rea tment  i s  a l s o  expecteci t o  have a bzneficial 
e f f e c t  on t h e  S-33 and Owens-Il l inois type  650 c o a t i n g s  as  w e l l .  
S t u d i e s  are c u r r e n t l y  being performed t o  adapt  t h e  si l icate- 
t r e a t e d  SP500 z i n c  oxide t o  o ther  s i l i c o n e  s y s t e m s .  





, -  
I 
i 
V, SIMULATION FACILITY WITH I N  S I T U  REFLECTANCE CAPABILITY 
The design of a multiple-sample u l t r a v i o l e t - s i m u l a t i o n  
chamber wi th  i n  s i  t u  hemispher ica  1-spec tr a 1-ref lec t ance-mea sure-  
ment c a p a b i l i t i e s  has  been completed. T h i s  work was i n i t i a t e d  
because of the need f o r  more d e f i n i t i v e  s t u d i e s  of the behavior 
of thermal-control  m a t e r i a l s  i n  vacuum -- p a r t i c u l a r l y  the 
measurement of hemispherical  r e f l e c t a n c e  in s i t u ,  
Y -  
A schematic of the f a c i l i t y  i s  presented i n  Figure 1 2 .  The 
i n t e g r a t i n g  sphere is  pa t t e rnsd  a t t e r  Edwards et a i  ( r e f ,  8)  
a s  modified by Bevans ( r e f ,  9 )  f o r  the Beckman DK-ZA, It w i l l  
d i f fe r  from one cons t ruc ted  e a r l i e r  ( r e f ,  10) by v i r t u e  of i t s  
evacuat ion and the changes necess i t a t ed  by opera t ion  i n  vacuum, 
The  f a c i l i t y  possesses  a 12-sample sample-exchange mechanism 
which p e r m i t s  t h e  removal of any one of t h e  1 2  samples t o  the 
i n t e g r a t i n g  sphere f o r  measuremnt and the subsequent r e t u r n  t o  
the sample t a b l e  f o r  continued i r r a d i a t i o n ,  
A schematic of the sample t a b l e  assembly and the sample- 
interchange mechanism i s  shown i n  Figure 13. The  bottom drawing 
i s  a s i d e  view showing two cut-away samples i n  p o s i t i o n .  They 
a r e  pressed  t o  the  l i q u i d  cooled sample t a b l e  by the s p r i n g  
mechanism shown i n  t h e  drawing. The  samples a r e  he ld  by p i n s  
i n s e r t e d  i n t o  each. The e n t i r e  sample-holding device can be 
r o t a t e d  by a bellows-equipped indexing arm (not  shown),  The 
p r e s s u r e  between the cool ing  chamber and the samples is r e l e a s e d  
by p r e s s u r i z i n g  the bellows (which a r e  shown), A second bellows- 
equipped arm (not  shown) moves the sample from the p i n  t o  the 
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3 Sample Boat 
/ 
C-- Sample T a b l e  
r- 
Sprl iiz2 
Figure  13 
sample boat which is  subsequently run  i n t o  the i n t e g r a t i n g  
sphere f o r  measurement. 
W e  a r e  c u r r e n t l y  checking out t h e  more than 100 engineer ing  
drawings and a n t i c i p a t e  t h a t  machine work w i l l  commence w i t h i n  
the next  month. 
drawings w i l l  be made a v a i l a b l e  t o  NASA a s  a s e p a r a t e  Technology 
U t i l i z a t i o n  Report. 
It is  planned t h a t  the e n t i r e  set of engineer ing  
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V I  Tr SILICONE PHOTOLYSIS 
T h e  new pho to lys i s  t r a i n  has been cons t ruc ted  and w i l l  be 
a t tached  t o  t h e  Hi t ach i  RMU-6D mass spectrometer dur ing  t h e  
month of March, The p r i n c i p l e  f e a t u r e  of the new t r a i n  i s  the 
e l imina t ion  of diffusion-pumping i n  favor of adsorption-pumping, 
T h i s  w i l l  r e s u l t  i n  a c leaner  background s p e c t r a  and should 
preclude the p o s s i b i l i t y  of ex te rna l  contamination, 




SILICATE-TREATED SP500 ZINC OXIDE 
Approximately 600 grams of "a s  rece ivedi i  SP500 z inc  oxide 
( N e w  J e r sey  Z i n c  Company) a r e  thoroughly mixed w i t h  1200 grams 
of PS7 potassium s i l i c a t e  (Sylvannia) i n  a 2-quart capac i ty  
ba l l -mi l l  j a r ,  
1 i n  x 1/2 i n  diameter ,  a r e  added t o  the m i l l  and t h e  s l u r r y  is 
ground a t  approximately 75% of c r i t i c a l  speed f o r  45 minutes. 
The b a l l - j a r  is removed from the m i i i  and the grourii? m i x t l ~ ~ - e  is 
allowed t o  s tand  approximately 16 hours ,  
re-ground f o r  10 min, 
Approximately 20 c y l i n d r i c a l  g r inding  s t o n e s ,  
The s l u r r y  i s  then 
T h e  ground s l u r r y  is  t r a n s f e r r e d  t o  a 3 l i ter  beaker and 
d i l u t e d  w i t h  800 m l  of d i s t i l l e d  water ,  
s t i r r e d  and t r a n s f e r r e d  t o  a l a rge  Buchner funnel  and fi l tered 
a t  reduced p res su re  through a #597 f i l t e r  paper ,  The f i l t e r  
cake i s  washed w i t h  3 l i ters of d i s t i l l e d  water and pumped dry ,  
The f i l ter  cake i s  removed from the funnel  and spread on an 
aluminum f o i l  t r a y ,  The con ten t s  a r e  placed i n  a forced-air  
oven and dr ied  f o r  16 hours  a t  100OC. The dr ied treated-pigment 
is  then  placed i n  a completely d r y  m l i i  j a r  and dry gr=und ~ i t h  
approximately 20 gr inding  s tones  f o r  15 min. The r e s u l t a n t  
treated-pigment i s  then re-heated f o r  1 hour 100OC. 
The mixture is  thoroughly 
* 
The PS7-treated Sp500 z inc  oxide is then  used t o  prepare 
the S - 1 3 G  and s-13H thermal-control p a i n t s ,  The formulat ions a re :  
~ ~ * 
Schle icher  and Schuel l  Analy t ica l  F i l t e r  Paper,  
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SILANE-TREATED SP500 ZINC OXIDE 
A mixture of 39 grams (0.3 moles )  of d ime thy ld ich lo ros i l ane  
and 72 grams (0 .48 moles) of m e t h y l t r i c h l o r o s i l a n e  a r e  thoroughly 
mixed w i t h  60 grams of sp500 z inc  oxide i n  an otherwise empty 
1/2-pint m i l l  j a r .  &I exothermic r e a c t i o n  occurs.  Approximately 
12 s p h e r i c a l  g r i n d i n g  s t o n e s ,  nominally 1 /2- in  d i a ,  a r e  added and 
the c o n t e n t s  a r e  ground a t  approximately 75% of c r i t i c a l  speed 
for b’2-hour. (The exothermic r e a c t i o n  h a s  been observed t o  cease  
a f t e r  approximately 15 min of g r ind ing . )  The  m i l l  c o n t e n t s  a r e  
then added t o  a 5% s o l u t i o n  of sodium bicarbonate  (NaHC03) wi th  
a g i t a t i o n ,  and t h e  mixture i s  mechanically s t i r r e d  f o r  2 hours .  
It 1s then  f i l t e r e d  through a f r i t t e d  Buchner-type funnel .  The  
5 i i i ; e Z -  c - a ’ ~ ~  is - , - -L-A .va311.=u w i t h  apprroximatelv 3 l i ters of d i s t i l l e d  - 
water u n t i l  a n e u t r a l  ( t o  PH paper )  f i l t r a t e  is obtained.  The 
f i l ter  cake is p laced  i n  a beaker w i t h  1 l i t e r  of d i s t i l l e d  water 
and mechanical ly  stirred for approximately 3 hours .  
1s a g a i n  f i l t e r e d  through the f r i t t ed  funne l  and pumped t o  dryiLess .  
The f i l t e r  cake i s  spread  i n  an aluminum-foil t r a y  and d r i e d  f o r  
approximately 18 hr a t  1 0 0 0 ~  i n  a fo rced -a i r  oven. The d r i e d  
s i l a n e - t r e a t e d  pigment is then dry m i l l e d  f o r  15 min i n  a complete- 
1 Y  d r y  m i l l  j a r  ( w i t h  about 1 2  g r i n d i n g  s t o n e s ) .  The  ground 
Pigment is t h e n  r e t u r n e d  t o  t h e  oven and dr ied  f o r  1 hour a t  
loo°C. 
S--13K formula t ion  (which h a s  n o t  cured t o  d a t e ) .  The f o r m L 1 -  
a t i o n  is: 
The P i x t u r e  
The s i l a n e - t r e a t e d  pigment i s  t h e n  used t o  prepare  an 
r 




-- _-___ - COK sti t u e n t s  






NOTE: THE INITIAL HANDLING AND BICARBONATE DILUTION SHOULD 
BE PERFORMED I N  A HOOD 
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